Background: Cervical sympathetic blockade has been found to reduce cerebral vascular resistance and improve focal cerebral ischemia/reperfusion injury. In this study, we tested the hypothesis that the sympathetic blockade of high thoracic epidural anesthesia (HTEA) would reduce hippocampal apoptosis after global cerebral ischemia (GCI) injury. Methods: Fifteen-minute global ischemia was established by 4-vessel occlusion in adult male Wistar rats. And 0.5% bupivacaine or 0.9% saline (20 µl//h) was infused continuously to the thoracic epidural space through the T4-5 intervertebral space from 15 minutes before ischemia to 24 hours or 72 hours after ischemia. Cerebral blood flow (CBF), Mortality, neurodeficit scores (NDS), Nissl and TUNEL staining, hippocampal superoxide dismutase (SOD) activity, malondialdehyde (MDA) concentrations, western blot of poly (ADP-ribose) polymerase (PARP) and immunohistochemical staining (PARP, Bax and Bcl-2) were determined. Results: Both the hyperpefusion and hypoperfusion after reperfusion were improved by HTEA. HTEA decreased the number of apoptotic neurons in cornu ammonis area 1 (CA1), reduced PARP and Bax expressions with a decrease of Bax/Bcl-2 ratio induced by ischemic injury. The upregulation of SOD activity and the downregulation of MDA were obvious in the HTEA group compared with the GCI group. HTEA also improved NDS but not the mortality rate. Conclusion: Our study demonstrated that continuous HTEA attenuates hippocampal apoptosis and a behavioral deficit after global cerebral ischemia, and that these protective effects are associated with the improved microcirculation, reduced oxidative stress and the less activation of PARP.
Introduction
Global cerebral ischemia (GCI) is a clinical outcome occurring as a consequence of conditions like cardiac arrest, coronary artery bypass surgery and reversible severe hypotension [1] . As for cerebral ischemic injury, it is generally accepted that apoptosis plays a pivotal role in cell death after hypoxia [2] . Pyramidal neurons in cornu ammonis area 1 (CA1) of the hippocampus are selectively vulnerable to GCI, and it has been suggested that the delayed neuronal death 3 or 4 days after ischemic insult is apoptosis [3] .
Poly (ADP-ribose) polymerase (PARP) is a tightly bound nuclear enzyme found in various organs, including the brain. PARP is thought to play a physiological role in maintaining genomic integrity and in the repair of DNA strand breaks, and it is also thought to participate in cellular differentiation, gene rearrangement and transpositions during cerebral ischemia [4] . In global ischemia/reperfusion model, oxygen radicals initiate the mitochondrial pathway of apoptosis with the release of mitochondrial cytochrome c to the cytoplasm, followed by the activation of the cytochrome c-dependent caspase cascade. The downstream caspases cleave many substrate proteins, including PARP [2] . PARP proteolytic cleavage provides an important early marker for apoptosis, and it might be directly responsible for the characteristic changes associated with apoptosis [5] . PARP activation and DNA damage mainly mediated by reactive oxygen species (ROS) and nitric oxide [4] , which are provided by reoxygenation during reperfusion, and scavenged by superoxide dismutase (SOD) [6] . ROS also induce malondialdehyde (MDA) which is an indicator of lipid peroxidation [7] .
In the model of global cerebral ischemia-reperfused animals, there is a period of hyperperfusion followed by a period of hypoperfusion. During reperfusion, capillary flow velocities, precapillary arteriole diameters and capillary diameters were decreased, which indicate that delayed hypoperfusion occurs as a consequence of increased precapillary arteriole tone [8, 9] . The increased microvascular resistance and impaired reperfusion could be responsible for ultimate neuronal death, rather than the period of global ischemic hypoxia [8] , and the post-ischemic hypoperfusion can be ameliorated by reducing vascular tone.
The cerebral vasculature, including that of the ventral hippocampus receives a sympathetic nerve supply [10, 11] . The sympathetic nerve distribution to the head, enabling and mediating vasomotor responsiveness, stems from the 3 ganglia of the cervical sympathetic chain, which originate in the upper thoracic segments [12, 13] . Thoracic sympathectomy as well as stellate ganglion block (SGB) increased the blood flow volume, rate and the vascular diameter in the common carotid artery of the patients [14, 15] . SGB reduced ipsilateral cerebral vascular resistance, improve brain perfusion and oxygen saturation in patients with chronic ischemic stroke or pain [14, 15] , and cervical sympathetic block can relieve delayed cerebral ischemia after subarachnoid hemorrhage (SAH) in human and rabbits [16, 17] , but the intracranial vessels were unaffected by SGB in healthy volunteers [18] . Recent studies revealed that SGB and sympathetic ganglionectomy have little influence on cerebral autoregulation under normal physiological conditions, but it is of importance that sympathetic control of cerebral blood flow (CBF) decreases sympathetic tone under pathologic conditions [19, 20] . Furthermore, focal cerebral ischemia/reperfusion injury of rats could be improved under SGB and cervical sympathetic ganglionectomy by expanding cerebral vessels and regulating cytokine release [21] .
High thoracic epidural anesthesia (HTEA) maintained with local anesthetic agents, is usually used to overcome intraopertive and postoperative pain after surgery. In addition, TEA induces preganglionic sympathetic blockade, and has been suggested to offer protective cardiac, pulmonary and gastrointestinal effects as well as positive immunological and coagulation properties [22] . But little is known about the relationship between HTEA and cerebral ischemia.
The present study was designed to investigate the neurological and morphological changes in response to HTEA in the hippocampus of rat with GCI. Furthermore, to explore the mechanism we also determined whether the disturbance of CBF, the reduced level of lipid peroxidation and oxygen free radicals, and the reduced activation of PARP are involved.
Materials and Methods

Animals and Surgical Procedures
This study was approved by the Harbin Medical University Animal Care and Use Committee in Harbin, China. Eighty-seven adult male Wistar rats, weighing 280 to 320 g, were divided into 4 groups: sham (n=22), sham-HTEA (n=4), GCI (n=30), HTEA (n=31). The animals were obtained from the animal experiment center at the Second Affiliated Hospital of Harbin Medical University, acclimatized for at least 3 days before the experiments, had free access to food and tap water and were maintained at 21±2 ºC for a 12 h dark and light cycle.
After injection of 10% chloral hydrate (300 mg/kg, i.p.), epidural catheterization was performed, using the method previously described [23] . Each rat was placed in the prone position. The ligaments between the intervertebral spaces (T4 to 5) were severed to visualize the white dura. Epidural catheters (A PE10 tube with a 0.61 mm outer diameter) were inserted into the epidural space and threaded cephalad approximately 10-15 mm. A repeated negative liquor aspiration test excluded subdural positioning of the catheter. The epidural catheter was fixed, tunneled under the skin and protected by a metal swivel. This procedure allowed for continuous infusion and for unrestricted animal movement within its individual cage. A successful implantation of epidural catheter was testified after the animal was immediately recovered from the surgery and anesthesia by detection of reversible loss of pain sensation in front limbs and the segmental thoracic area (T1-T4) without motor and sensory disturbance in hind limbs following injection of 20μl of 1% lidocaine through the catheter [23] . After completion of the experiment, the position of the catheter was verified by autopsy.
Global cerebral ischemia in rats was inflicted according to the 4-vessel occlusion (4-VO) method [24] . Briefly, the rat vertebral arteries were electrocoagulated through the alar foramen of the first cervical vertebra on the stereotaxic frame after epidural catheterization. Twenty-four hours later, awake rats were anesthetized with chloral hydrate, and both carotid arteries were then clamped by atraumatic arterial clasps to cause vascular occlusion. And the standard of satisfactory cerebral ischemia was that the electroencephalography (EEG) became isoelectric within 2-3 min and remained isoelectric throughout the ischemic period. During the course of performing vascular occlusion, the animals remained unconscious and indicated no signs of pain or suffering [25] . After 15 min of ischemia, the atraumatic arterial clasps were removed to permit reperfusion. During ischemia, the left femoral artery and venous were cannulated, mean arterial blood pressure (MAP), heart rate (HR) and EEG were monitored with a multifunction physiological signal acquisition and processing system (RM6240, Chengdu, China). Arterial blood was sampled anaerobically, and PaO 2 , PaCO 2 and pH were measured with a blood gas analyzer (Bayer Diagnostics, Norwood, MA). Saline solution 2 mL/h was infused throughout the complete observational period. Epidural infusion started as continuous infusion 15 min before ischemia [23] and continued until the end of the reperfusion period (24 or 72 hours) [7] . Rectal temperature was maintained at a level of 37.0 ºC ± 0.5 ºC with a heating pad. After 2 h of reperfusion, temperature probes, needle electrodes, and vessel catheters were removed, incisions were closed, and the animals were allowed to wake up in its individual cage. Free access to food and water was then allowed.
Measurement of CBF
Sixteen rats with successfully developed high thoracic epidural catheterization and global cerebral ischemia were randomly assigned to four groups (n=4): Sham-sham procedure, 20μl/h NaCl, 0.9%, epidural; Sham +HTEA-sham procedure, 20 μl/h bupivacaine, 0.5%, epidural; GCI-4-VO, 20 μl/h NaCl, 0.9%, epidural; or HTEA-4-VO, 20 μl/h bupivacaine, 0.5%, epidural. The sham group had epidural catheterization, alar foramen and the common carotid arteries exposed without vascular occlusion. Cerebral blood flow (CBF) was measured continuously with a laser Doppler flowmeter (Periflux System 5010, Perimed, Sweden) as described previously [26] . After the scalp was opened with a scalpel, the probe holder containing a LDF probe was attached to the right skull (5mm lateral and 1mm posterior to the bregma). CBF was measured 2 minutes before both common arteries were occluded as the baseline value, at the time of ischemia and 0 to 120 minutes after reperfusion. CBF values were expressed as percentages relative to baseline (100%).
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Neurons Counts and Immunohistochemistry
An additional 29 animals were randomly divided into 3 groups: a sham-operated group (n=9); a GCI group (n=11); and a HTEA group (n=9). The rats were transcardially perfused with 200 ml ice-cold saline and subsequently with 4% paraformaldehyde in PBS 24 or 72 hours after reperfusion. The brain was removed, postfixed for 24 hours in paraformaldehyde solution. After dehydration in gradient sucrose, the coronal sections of brain were prepared at the level of 3.3 ± 0.2 mm posterior to bregma and stored at-80 °C. Frozen sections (10 µm) at 72 hours after reperfusion (n=4 per group) were used for Nissl and TUNEL staining. They were dried at room temperature, rehydrated, and immersed in warmed 0.5% cresyl violet solution (10 minutes). Neuronal apoptosis in the hippocampal CA1 region was assessed by TUNEL staining, using an in situ cell death detection kit (TMR green, Roche, Mannheim, Germany). The brain sections at 24 hours after reperfusion (sham, n=5; GCI, n=7; HTEA, n=5) were used to perform immunohistochemistry as described [27] . The primary antibodies were: rabbit polyclonal antibody against PARP (1:200, ab6079, Abcam), Bcl-2 (1:100, BA0412, Boster) or Bax (1:100, BA0315-1, Boster).
Six photomicrographs of both hemispheres hippocampal CA1 layers were taken from each animal. The mean numbers of neurons were expressed as the number of surviving neurons and TUNEL-positive cells per millimeter linear length in the CA1 region of the dorsal hippocampus as described earlier [28, 29] . The PARP positive cells were expressed as an average fraction of the total number of neurons. The Image Pro Plus software, version 6.0 (Media Cybernetics, USA) was used to analyze the average optical density (OD) of Bcl-2 and Bax. An investigator who was blinded to the experimental conditions made all assessments at 400-fold magnification.
Western Blot Analysis
Another 18 animals of the above 3 groups were sacrificed at 24 or 72 h after ischemia (n=3 per group). The brain was quickly removed and the hippocampal tissue was rapidly isolated. Western blot analysis was performed as described previously [28] . The primary antibodies were: rabbit anti-PARP polyclonal antibody (1:1000, #9542, Cell Signaling Technology) and anti-β-actin (1:1000, M1501, HaiGene, China). The secondary antibody was goat anti-rabbit IgG antibody (1:5000, M0201, HaiGene, China).
Measurement of SOD Activity and MDA Concentration
The homogenized hippocampal tissue at 24 h after reperfusion (n=6 per group) was centrifuged (3000 g × 10 min), and the supernatant was collected to measure MDA content and SOD activity. MDA and SOD levels were measured using a commercial kit (Jiancheng Biochemistry Co., Nanjing, China) at 532 nm by the thiobarbituric acid method, and at 550 nm by the xanthine oxidase method, respectively.
Neurological Evaluation
The Neurodeficit Score (NDS) of all the animals was evaluated at 24 h (sham, n=11; GCI, n=13; HTEA, n=11) and 72 h (n=7 per group) after GCI according to previous studies [30] . In brief, scoring includes seven parameters: general behavior, brain stem function, motor and sensory function assessment, motor behavior (including gait coordination and balance on a beam), other behavior reflexes, and seizures. An NDS of 80 reflected normal brain function, whereas an NDS of 0 represented brain death. The evaluation was always carried out by the same investigator who was blinded to the experimental groups.
Statistical Analysis
Data are presented as the mean ± SD, one-way ANOVA and Student-Newman-Keuls test for post hoc comparisons was used to verify the significance of intergroup differences in PARP positive percent, Bax and Bcl-2 OD and the ratio, NDS, SOD activity and MDA level. Fisher's exact test was used for analyzing mortality, repeated measures analysis of variance for physiological variables and CBF, a non-parametric Kruskal-Wallis analysis for the cell count. A P-value of P<0.05 was considered significant.
Results
Physiological Variables and CBF by Laser Doppler during Ischemia and Reperfusion
Body weight and rectal temperatures during the ischemia/reperfusion periods showed no significant difference among the experimental groups. Analyzing MAP, HR and blood (Fig. 1) . CBF was reduced to 9.66 ± 2.56% in GCI group and 21.74 ± 9.48% in HTEA group during global cerebral ischemia. After 10 minutes of reperfusion, the CBF of hyperperfusion phase in GCI group (177.47± 32.4%) was significantly higher than that in HTEA group (138.45 ± 27.2%) (P < 0.05). The hyperperfusion was followed by at least 2 hours of hypoperfusion in GCI group, but not significant in HTEA group. At the most time points of hypoperfusion, the CBF in GCI group was lower than that in sham and HTEA groups (P < 0.05).
Mortality and Neurodeficit Scores
The mortality in the sham group was 0% (0/18), in the GCI group, it was 15.38% (4/26) at 24 h and 41.67% (5/12) at 72 h. And in the HTEA group, 3 rats were excluded because 1 catheter was not in the epidural space by autopsy and EEG of 2 rats were not isoelectric, the mortality was 12.05% (3/24) and 30.00% (3/10) at 24 h and 72 h, respectively. There was no significant difference in mortality among the groups (Fig. 2A) . Compared with the sham group, the Neurodeficit Scores in both the GCI and the HTEA groups were much lower (P<0.05) (Fig. 2B) . The HTEA group demonstrated higher NDS compared with the GCI group both at 24h (67. 
Fig. 2. Mortality and Neurodeficit Scores. (A)
The mortality among the sham, GCI and HTEA groups were not statistically significant at 24h or 72h after ischemia. (B) Neurodeficit Scores (NDS) was presented as median and 25th-75th percentile at 24 h (sham, n=11; GCI, n=13; HTEA, n=11) and 72 h (n=7 per group). Significant differences were observed among the three groups at 24h and 72 h after ischemia. HTEA: high thoracic epidural anesthesia; GCI: global cerebral ischemia; NDS: Neurodeficit Scores. * P<0.05 vs Sham; # P<0.05 vs GCI group. The percent in the HTEA group was significantly lower than that of the GCI group. (C) Western blot analysis of PARP levels in the hippocampus at 24 h and 72 h after global cerebral ischemia. Significant decreases were present in PARP p116 in the HTEA group, or no band of PARP p89 was detected in the HTEA group at both time points (n=3). HTEA: high thoracic epidural anesthesia; GCI: global cerebral ischemia. * 
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TUNEL staining
There were few TUNEL-positive cells in the sham group. A large number of TUNELpositive neurons in the CA1 region were observed in the GCI group rats at 72 h after global ischemia. In contrast, decreased TUNEL was observed in the HTEA group, compared with the GCI group (Fig. 3B ). Cell counting (Fig. 3D) 
PARP Protein Expression
In immunohistochemical staining, slight expression of PARP was observed in the hippocampal CA1 region in the sham group rats, and strong nuclear immunostaining as well as moderate cytoplasmic staining were increased at 24 h after ischemia. In contrast, the expression was downregulated in the HTEA group (Fig. 4A) . The percent of PARP positive cells in the GCI group was significantly increased compared with that in the sham group (51.25 ± 4.44% vs. 9.48 ± 1.70%; P<0.01). Compared with the GCI group, HTEA lead to a significant decrease in the percent (51.25 ±4.44% vs. 21.12 ± 3.06%; P<0.01) (Fig. 4B) . Western blot analysis demonstrated a consistent amount of β-actin in all of the groups. However, an increase in PARP p116 (116 kD) and a weak band of PARP p89 (89 kD) were HTEA markedly tended to downregulate the Bax expression, and upregulate the Bcl-2 expression (sham, n=5; GCI, n=7; HTEA, n=5). Therefore, the Bax/Bcl-2 ratio was obviously lower in the HTEA group, compared with GCI group, but it was still higher than that in the sham group. HTEA: high thoracic epidural anesthesia; GCI: global cerebral ischemia. OD: optical density. * P<0.05 vs. Sham group; # P<0.05 vs. GCI group.
detected at 24 h and 72 h after reperfusion in the GCI groups. There was no PARP p89 expression and a decrease in PARP p116 in the HTEA group, in comparison to that in the GCI group, at both time points (Fig. 4C) .
Immunohistochemical Staining of Bcl-2 and Bax
The results of immunohistochemical staining at 24 h after ischemia are shown in Fig. 3 . Bcl-2-and Bax-positive products were brown and granular and were mainly distributed in the cytomembrane and the cytoplasm of pyramidal neurons (Fig. 5A ). Bcl-2 and Bax showed a weak positive reaction in the sham group rats. After global ischemia simulation, the expression of Bax increased significantly at 24 h after ischemia (P<0.05), and this increase was much greater than that in the HTEA group (P<0.05). After HTEA therapy, Bcl-2-positive cells in the cytoplasm of hippocampal CA1 neurons were increased compared with the sham group (P<0.05), and there was no significant difference between the HTEA and GCI groups (Fig. 5B-C) . Therefore, a marked enhancement of the Bax/Bcl-2 ratio was observed in the GCI group, compared with the sham group (P<0.05), and then an obvious decline in this ratio occurred after HTEA treatment (P<0.05) (Fig. 5D) .
MDA Concentration and SOD Activity
In the GCI and HTEA groups, MDA concentrations in the hippocampus were significantly higher than those in the sham group (P<0.05), and SOD activities were significantly lower than those in the sham group (P<0.05). Compared with GCI group, HTEA significantly reduced MDA concentrations and increased SOD levels of the hippocampus (P<0.05) (Fig. 6) .
Discussion
In the present study, we first identified that continuous HTEA 0.5% bupivacaine reduced apoptotic neurons in the CA1 of the hippocampus and the NDS were improved at 72 h after global cerebral ischemia/reperfusion. We further found that HTEA tended to reduce the activation of PARP and the expression of Bax proteins with a decrease of the Bax/ Bcl-2 ratio at 24 h after reperfusion. And this neuroprotective effect may be partly due to improved CBF disturbance and reduced oxidative stress. Consistent with these reports, severe damage of the CA1 pyramidal neurons was detectable at 72 h after reperfusion [28, 31] . Consequently, global cerebral ischemia resulted in disorders of motor and sensory function [30] . We found that HTEA reduced GCIinduced apoptosis in the hippocampal CA1 region, and it improved NDS at 24h and 72 h after reperfusion. Although the mortality rate was not reduced, consistent with the previous report [22] , we could still observe the beneficial effects of HTEA, which points towards a higher number of surviving CA1 neurons and a better neurologic outcome.
Neurotoxicity and hypotension caused by local anesthetics intrathecal injection are the well-known side effects, which are dependent upon the amount and concentration of local anesthetic agents. As described in previous studies, 0.5% bupivacaine did not induce apoptosis in rat cortical astrocytes and has no neurotoxic damage [32, 33] . And in the 0.5% bupivacaine 15-20 µl/h of TEA model, cardiorespiratory depression or extensive motor blockade were not observed in adult rats [7, 34] .
On the other hand, due to the differential sensitivity of the preganglionic sympathetic fibers compared to the somatic A δ and C fibers, it is generally assumed that sympathetic B fibers are blocked whenever a sensory block exists. Continuous TEA using 15 μL/h bupivacaine 0.5% in the thoracic segments indicated the blocked of sympathetic preganglionic neurons in the thoracic spinal cord from Th1 down to segment Th13, and a motor blockade of the front paws occurred during infusion of only 30 μL/hour bupivacaine 0.5% [35] . Although we did not measure thoracic sympathetic activity in this paper, we observed loss of pain sensation in the thoracic area, which implied that the sympathetic nerve fibers supplying the head (T1-4) could be blocked.
Previous reports indicated that during stimulation of superior cervical ganglion plus contralateral nerve section, local cerebral blood flow was reduced on the stimulated side [36] . Sympathetic ganglionic blockade with hexamethonium [37, 38] produce sympatholytic effects and decrease plasma catecholamine activity, improve neurologic outcome from cerebral ischemia. In contrast, sympathetic stimulation with physostigmine [39] worsens ischemic outcome by a mechanism that is associated with increases in plasma epinephrine and norepinephrine. In addition, the study of T2 sympathectomy [40] , performing measurements 2-4 weeks after intervention, showed increased the blood flow volume, rate and the vascular diameter in the common carotid artery, and the same effects were observed from 5 minutes after performing SGB or HTEA [41] . Accordingly, the neuropreotective effect of HTEA might be associated with the CBF changes after thoracic sympathetic block.
It is observed that global cerebral ischemia is followed first by a short phase of postischemic hyperemia that emerges into a secondary prolonged phase of delayed hypoperfusion [8, 9] . Both hyperperfusion and hypoperfusion do harm to the recovery of the ischemic brain. A high CBF in the late hyperperfusion phase correlated with a low number of surviving cortical neurons 7 days after global cerebral ischemia, which is presumably accompanied by an enhanced generation of oxygen-derived free radicals and therefore increased neuronal death [42] . Delayed hypoperfusion after global cerebral ischemia is a pathophysiological process with progressively increasing precapillary arteriolar tone and consequent breakdown of the capillary microcirculation, and reversal of delayed hypoperfusion should be part of a therapeutic strategy to alleviate secondary brain injury after stroke [9] . In this study, we observed that HTEA decrease hyperperfusion and improve at least 2 hours of hypoperfusion after reperfusion, perhaps helping to decrease the overproduction of free radicals and attenuate the cerebral microvascular resistance. However, under resting conditions in health, there was little tonic sympathetic activity, and cerebral sympathetic denervation did not change CBF in healthy rats, which is consistent with previous studies [19] .
In 4-vessel occluded rats, there were still collateral vessels probably originate from cervical branches of the subclavian arteries to the brain, and blood flow from the anterior spinal artery to the brainstem and cerebellum [24] . In newborn piglets, after superior cervical sympathetic ganglionectomy, denervated CBF during asphyxia was higher compared with innervated CBF [43] . However, in stroke-prone spontaneously hypertensive rats, there was Cellular Physiology and Biochemistry no significant difference in CBF between the innervated and denervated animals (bilateral superior cervical ganglionectomy) during ischemia [44] . In our study, the CBF of HTEA group rats had a higher trend compared with that of GCI group rats during ischemia period, but without statistical significance. Not significant may be due to the small sample size, a doubled CBF sample size might be very well relevant. If any, it is presumed that the increased blood flow under HTEA occurred not only at the hypoperfusion stage after reperfusion, but also in the ischemic period. Interestingly, ROS production is highly relevant to the vascular response to ischemia. The superoxide radicals in hippocampal CA1 neurons returned to the basal level after 3 days in the global cerebral ischemia model, but in the SOD1 transgenic rats, the complete return of the superoxide radical level to the basal level within 1 day correlates well with the rapid normalization of CBF within 1 day [45] . SOD 1 overexpression confers protection by blocking the caspase activation in the mitochondrial signaling pathway of apoptotic cell death in hippocampal CA1 neurons after global ischemia [2] . In addition, lipid peroxidation due to ischemia reperfusion injury is among the primary causes of tissue injury. MDA is an intermediate product of lipid peroxidation and is used for the assessment of tissue injury related to lipid peroxidation [7, 31] . In the present study, HTEA was demonstrated to inhibit MDA production and increase the antioxidant enzyme of SOD for scavenging oxygen-free radicals, suggesting that the inhibition of oxidative stress may be partly due to the blockade of the sympathetic nerve distributed to the brain.
The mitochondrial-mediated pathway of apoptosis is regulated by the Bcl-2 family of antiapoptotic and proapoptotic proteins, which play a crucial role in intracellular apoptotic signal transduction by regulating permeability of the mitochondrial membrane [2] . The Bax/ Bcl-2 ratio is a measure of a cell's vulnerability to apoptosis, and the ratio may be more important than either promoter alone in determining apoptosis [46] . In the downstream mitochondrial pathway of apoptosis, activated caspase-3, recognizing the structure of PARP, generates two proteolytic products: a 29 kD and a 89 kD fragments [47] , which is considered a hallmark of apoptosis [5] . During global cerebral ischemia, extensive activation of PARP can rapidly result in cell death through depletion of energy stores because four molecules of adenosine triphosphate (ATP) are consumed for NAD regeneration [4] . Inhibiting PARP attenuates cerebral vasospasm after subarachnoid hemorrhage in rabbits [48] , and the PARP inhibitor treatment decreases the number of apoptotic neurons and improves the neuronal survival and memory during GCI [49] . Our previous study had reported that the expression of PARP p89 after GCI was attenuated under HTEA injected by 0.125% bupivacaine [50] . In the present study, although the expression of Bcl-2 protein had no significant increase under HTEA, the decreased expression of Bax protein and the decreased Bax/Bcl-2 ratio were observed. And we also observed low expression of uncleaved PARP p116 and little PARP p89 cleavage fragment. Thus, the less activation of the mitochondrial signaling pathway of apoptosis may be involved in HTEA-induced neuroprotective effect in cerebra ischemia injury.
It should be noted that the present study might have limitations. Firstly, an additional group, receiving systemic bupivacaine would have to be included, to exclude the possible systemic effects of bupivacaine. It has been reported that bupivacaine decreased local cerebral glucose utilization [51] and block voltage-dependent sodium channels, and consequently have a neuroprotective action against ischemic insult in the central nervous system [52, 53] , which is most likely due to the drug's systemic effect rather than deafferentation. Secondly, further studies are needed to compare the beneficial effects of bupivacaine and other local anesthetics injected into the high thoracic epidural space. Thirdly, whether the neuroprotective effect can be transferred to other animal models or even humans needs further explored. The mechanism of the functional connection between the thoracic cord and the hippocampus is not fully understood, although the reduced number of apoptotic neurons with HTEA after global cerebral ischemia is observed.
In conclusion, continuous HTEA plays roles in attenuating hippocampal apoptosis after global cerebral ischemia. These protective effects may be partly due to the improved
